Combination therapy, which can optimize killing activity to cancers and minimize drug resistance, is a mainstream therapy against hormone-refractory prostate cancers (HRPCs). Rottlerin, a natural polyphenolic component, synergistically increased PC-3 (a HRPC cell line) apoptosis induced by camptothecin (a topoisomerase I inhibitor). Using siRNA technique to knockdown protein kinase C-δ (PKCδ), the data showed that rottlerin-mediated synergistic effect was PKCδ-independent, although rottlerin has been used as a PKCδ inhibitor. Rottlerin potentiated camptothecin-induced DNA fragmentation at S phase and ATM phosphorylation at Ser 1981 . The effect was correlated to apoptosis (r 2 = 0.9). To detect upstream signals, the data showed that camptothecin acted on and stabilized topoisomerase I-DNA complex, leading to the formation of camptothecin-trapped cleavage complexes (TOP1cc). The effect was potentiated by rottlerin. To determine DNA repair capability, the time-related γH 2 A.X formation was examined after camptothecin removal. Consequently, rottlerin significantly inhibited camptothecin removal-mediated decline of γH 2 A.X formation at S phase, indicating the impairment of DNA repair activity in the presence of rottlerin. The combinatory treatment of camptothecin and rottlerin induced conformational change and activation of Bax and formation of truncated Bad, suggesting the contribution of mitochondria stress to apoptosis. In summary, the data suggest that rottlerin-mediated camptothecin sensitization is through the augmented stabilization of TOP1cc, leading to an increase of DNA damage stress and, possibly, an impairment of DNA repair capability. Subsequently, mitochondria-involved apoptosis is triggered through Bax activation and truncated Bad formation. The novel discovery © 2012 Elsevier Inc. All rights reserved. 
Introduction
Prostate cancer is a major cause of cancer mortality in males. Hormone-refractory prostate cancer (HRPC), resistant to hormone therapy, is a major obstacle in clinical treatment. Accordingly, the approach for HRPC treatment is deeply demanded. However, the resistance developed in cancer cells is a major concern that largely diminishes the efficacy of cancer chemotherapeutic drugs. Combination therapy that combines two or more chemotherapeutic drugs is a well-recognized approach. With mechanism-based design of anticancer drugs, combination therapy can optimize the killing activity to cancer cells and minimize drug resistance [1, 2] .
Protein kinase C-δ (PKCδ) is a diacylglycerol-dependent but calcium-independent PKC isoform [3] . Several apoptotic stimuli have been identified to induce the translocation of PKCδ to plasma membrane, mitochondria and nucleus, leading to activation of apoptotic signaling cascades [4] . Rottlerin was originally discovered as a specific inhibitor of PKCδ. Recently, an increasing body of evidence suggests that rottlerin may trigger anticancer activities through PKCδ-independent pathways, such as inhibition of Cdc2 [5] , uncoupling of mitochondria [6] , induction of endoplasmic reticulum stress [7] and up-regulation of death receptors [8] .
The nuclear proteins topoisomerases are enzymes responsible to determine DNA topology. Accordingly, topoisomerases are critical in the regulation of DNA replication, transcription and subsequent translation. Topoisomerase I creates a single-stranded nick in duplex DNA, forming topoisomerase I-DNA cleavage complexes (TOP1cc) and unwinding supercoiled DNA. As soon as DNA is relaxed, topoisomerase I religates the DNA nicks. Camptothecin and its derivative irinotecan are well-known topoisomerase I inhibitors, inducing apoptotic pathways through decelerating the dissociation of topoisomerase I-DNA to trap TOP1cc, which not only induces single strand breaks (SSBs) but also may cause double strand breaks (DSBs). As a result, these topoisomerase I inhibitors can cause severe DNA damage response and activate DNA damage-related molecules, leading to an ultimate cell death [9] [10] [11] [12] . The clinical use of irinotecan is the treatment of metastatic colorectal cancers although the clinical trial designed for HRPC treatment had been studied [13] . The underlying mechanism that limits the use of topoisomerase I inhibitors in HRPC is highly anticipated to be identified and be overcome.
Rottlerin has been studied to combine with anticancer agents, including sorafenib, imatinib and tumor necrosis factor-related apoptosis-inducing ligands, in several cancer models [6, [14] [15] [16] . Mitochondria-mediated pathways have been suggested to be responsible for the combined effect. However, the primary mechanism is yet to be elucidated. The present work was to study the combinatory effect and underlying mechanism of camptothecin and rottlerin in HRPC. The study also investigated why rottlerin compensated and overcame the less responsiveness of camptothecin in HRPC. The study may provide data supporting anticancer approach of topoisomerase I inhibitors in HRPC.
Materials and methods

Materials
RPMI 1640 medium and fetal bovine serum (FBS) were obtained from GIBCO/BRL Life Technologies (Grand Island, NY). Antibodies to PARP, PKCδ, topoisomerase I, Bax (6A7), Bad, cyclin D1, cyclin E, cyclin-dependent kinase 4 (Cdk4), Cdk2 and anti-mouse and antirabbit IgGs were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Antibodies to PKCδ Thr505 , ATM, ATM Ser1981 , γH 2 A.X, Bid, p21 Waf1/Cip1 , cyclin A, cyclin B1 and Cdk1 were from Cell Signaling Technologies (Boston, MA). Caspase-3 was from Imgenex, Corp. (San Diego, CA). GAPDH and α-tubulin was form Epitomics, Inc. (Burlingame, CA). Rottlerin, camptothecin, etoposide, doxorubicin, docetaxel, vincristine, G06983, propidium iodide (PI) and all other chemical compounds were obtained from Sigma-Aldrich (St. Louis, MO). Ro-318220 was purchased from Calbiochem (La Jolla, CA).
Cell lines and cell culture
HRPC cell line PC-3 cells were from American Type Culture Collection (Rockville, MD). Cells were cultured in RPMI 1640 medium with 10% FBS (v/v), penicillin (100 units/ml) and streptomycin (100 μg/ml). Cultures were maintained in a 37 °C incubator with 5% CO 2 .
FACScan flow cytometric assay
After treatment, cells were harvested by trypsinization, fixed with 70% (v/v) alcohol at 4 °C for 30 min and washed with PBS. The cells were centrifuged and resuspended with 0.5 ml PI solution containing Triton X-100 (0.1%, v/v), RNase (100 μg/ml) and PI (80 μg/ml).
DNA content was analyzed with the FACScan and CellQuest software (Becton Dickinson, Mountain View, CA).
Western blotting
After treatment, cells were harvested by trypsinization, centrifuged and lysed in 0.1 ml of lysis buffer (10 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EGTA, 1% Triton X-100, 1 mM PMSF, 10 μg/ml leupeptin, 10 μg/ml aprotinin, 50 mM NaF and 100 μM sodium orthovanadate). For Western blot analysis, 40 μg proteins were separated by electrophoresis in a 10 or 15% polyacrylamide gel and transferred to a PVDF membrane. After a 1-h incubation at room temperature in PBS/5% non-fat milk, the membrane was washed with PBS/0.1% Tween 20 for another 1 h and overnight incubated with the indicated antibody at 4 °C. After three washings with PBS/0.1% Tween 20, the antimouse or antirabbit IgG (dilute 1:4000) was applied to the membranes for 1 h at room temperature. The membranes were washed with PBS/0.1% Tween 20 for 1 h and the detection of signal was performed with an enhanced chemiluminescence detection kit (Amersham, Buckinghamshire, UK).
Detection of Bax conformational change
After treatment, the cells were washed twice with ice-cold PBS, lysed in Chaps lysis buffer (10 mM HEPES, pH 7.4, 150 mM NaCl, 1% Chaps). Total proteins of 300 μg were incubated with 1 μg of Bax 6A7 antibody for 3 h at 4 °C. Then, 15 μl of A/G-agarose beads were added and incubated at 4 °C for 2 h. The beads were washed with Chaps lysis buffer for immunoblotting as describes.
TUNEL-PI double staining
TUNEL (terminal dUTP nick-end labeling) method identifies DNA fragmentation using TdT to transfer fluorescein-12-dUTP to the free 3′-OH of cleaved DNA. After treatment, the cells were washed, fixed and stained for the fragmented DNA detection according to the protocol provided by the suppliers (Promega, Madison, WI). Finally, the cells were suspended with 0.5 ml PI solution described above. The labeled DNA and cell cycle distribution were simultaneously quantified and analyzed by flow cytometric analysis.
γH2AX-PI double staining
After treatment, the cells were pelleted, fixed with 70% (v/v) alcohol at 4 °C for 30 min and incubated in PBS/0.2% Triton X-100 at room temperature for 5 min. The cells were washed with PBS and incubated with γH 2 A.X antibodies (dilute in PBS/1% BSA, 1:1000) at room temperature for 1 h. The cells were washed with PBS and incubated with FITC-conjugated secondary antibody (dilute in PBS/1% BSA, 1:1000) at room temperature for 1 h. Finally, the cells ware suspended with 0.5 ml PI solution. The expression of γH 2 A.X and cell cycle distribution were simultaneously quantified and analyzed by flow cytometric analysis.
In vivo complex of enzyme (ICE) assay
TOP1-DNA adducts were isolated using the ICE bioassay according to published study [17] . Cells (1 × 10 6 ) were lysed with 2 ml STE buffer (1% sarkosyl; 10 mM Tris-HCl pH 8.0, 1 mM EDTA) and passed through a 26-gauge needle. The cells were layered on the top of cesium chloride gradient.
Step-gradients (2 ml each) containing CsCl solutions of the different densities (1.82, 1.72, 1.50 and 1.37 g/ml) were placed in a polyallomer tube (Beckman, Inc.). Tubes were centrifuged at 31,000 rpm in a Beckman SW40 rotor for 24 h at 20 °C. Then, 1 ml of each fraction was collected from the top of the tubes. Next, 100 μl of each fraction was diluted with an equal volume of SP buffer (25 mM sodium phosphate, pH 6.5), applied to a PVDF membrane with a dot-blot apparatus (BioRad, Inc.) and immunoblotted with anti-topoisomerase I antibody.
siRNA transfection
The siRNA against PKCδ is 5′-UGA UCU UGU CGA UGC AUU UCU UGU G-3′ which matches only to human PKCδ. The control sequence is 5′-UGA UUU GUU CAG CUA CGU CUU UGU G-3′. For transfection, PC-3 cells were seeded into 60-mm tissue culture dishes with 30% confluence and grown for 24 h to 50% confluence. Each dish was washed with serum-free Opti-MEM (Life Technologies, Ground Island, NY), and 2 ml of the same medium was added. Aliquots containing siRNA in serum-free Opti-MEM were transfected into cells using Lipofectamine 2000 following the manufacturer's instructions. After incubation for 6 h at 37 °C, cells were washed with medium and incubated in 10% FBScontaining RPMI-1640 medium for 48 h. Then, the subsequent experiments were performed.
Measurement of mitochondrial membrane potential (ΔΨ m )
JC-1, a mitochondrial dye staining mitochondria in living cells in a membrane potentialdependent fashion, was used to determine ΔΨ m . Cells were treated with or without the agent for the indicated times. Thirty minutes before the termination of incubation, the cells were incubated with JC-1 (final concentration of 2 μM) at 37 °C for 30 min. The cells were finally harvested and the accumulation of JC-1 was determined using flow cytometric analysis.
Data analysis
Data are presented as the mean ± SEM for the indicated number of separate experiments. Statistical analysis of data was performed with one-way analysis of variance (ANOVA) followed by a t-test and P-values less than 0.05 were considered significant.
Results
Combination treatment of PC-3 cells with rottlerin and anticancer drugs
The effect of combination treatment with rottlerin and some other cancer chemotherapeutic drugs, including camptothecin (a topoisomerase I inhibitor), etoposide, doxorubicin (two topoisomerase II inhibitors), docetaxel (a microtubule stabilizing agent) and vincristine (a tubulin de-polymerizing agent), on apoptotic cell death was determined by FACScan flow cytometric analysis of PI staining. The data showed that the apoptosis induced by camptothecin, but not etoposide, doxorubicin and vincristine, was dramatically potentiated by rottlerin. On the contrary, rottlerin significantly decreased docetaxel-induced effect (Fig.  1A) . The increased apoptosis caused by combination treatment was also detected in a concentration-dependent fashion (Fig. 1B) . The microscopic examination showed that the combinatory treatment of rottlerin and camptothecin induced a morphological change to cell shrinkage, a phenomenon of apoptosis, and apoptotic bodies were apparent (Fig. 1C) . To further confirm the effect by biochemical data, the caspase-3 and downstream substrate, PARP-1, were monitored. As a consequence, the combinatory treatment of rottlerin and camptothecin significantly induced the cleavage and activation of caspase-3 as well as PARP-1 cleavage (Fig. 1D ).
Determination of PKCδ involvement in the combinatory treatment
To determine the functional role of PKCδ in the combinatory treatment, several approaches were used. First, the phosphorylation of PKCδ at Thr 505 was detected. The data demonstrated that the combinatory treatment caused a profound PKCδ cleavage ( Fig. 2A) . Because PKCδ is a downstream substrate of caspase-3 [18] , the PKCδ cleavage could be attributed to the caspase-3 activation in the combinatory treatment. Second, G06983 and Ro-318220 (two general PKC inhibitors) were used to examine whether pan-PKC inhibitors could mimic rottlerin-mediated effect. The data demonstrated that, instead of potentiating apoptosis, the pan-PKC inhibitors significantly decreased camptothecin-induced effect (Fig.  2B) . Finally, the siRNA technique was used to knockdown PKCδ in this study. The data showed that the knockdown of PKCδ did not potentiate the effect mediated by camptothecin alone (lane 10 in Fig. 2C) . Moreover, the knockdown of PKCδ did not modify the cleavage of procaspase-3 and PARP-1 induced by combinatory treatment of rottlerin and camptothecin (Fig. 2C) . Altogether, the data suggest that rottlerin potentiated camptothecinmediated effect through PKCδ-independent pathway.
Effect of combinatory treatment on DNA fragmentation and ATM phosphorylation
Camptothecin serves as a topoisomerase I poison that binds to and stabilizes the topoisomerase I-DNA complex, preventing DNA religation and eventually causing DNA damage response. Using TUNEL and PI double staining to identify DNA fragmentation and to determine cell cycle progression, respectively, the data in Fig. 3A demonstrated that rottlerin potentiated camptothecin-induced DNA fragmentation at S phase (positive region in Fig. 3A) . Based on the DNA damage response, the phosphorylation of ATM at Ser 1981 , a DNA damage sensor, was examined accordingly. As a consequence, camptothecin alone induced a time-dependent increase of ATM phosphorylation and activation. The effect was augmented by combinatory use of rottlerin (Fig. 3B) . The synergistic effect on ATM phosphorylation was also detected in combinatory treatment of increasing rottlerin concentrations (Fig. 3C) . Notably, the synergistic effect on ATM phosphorylation was highly correlated to cell apoptosis (r 2 = 0.9, Fig. 3D ), indicating that DNA damage response in the combinatory treatment played a crucial role in cell apoptosis.
Effect of rottlerin on camptothecin-induced formation of TOP1cc
Because camptothecin-mediated DNA damage was synergistically increased by rottlerin, the upstream event that resulted in DNA damage was determined. It has been well identified that camptothecin acted on and stabilized topoisomerase I-DNA complex, leading to the formation of camptothecin-trapped cleavage complexes (TOP1cc). The specific topoisomerase-genomic DNA cleavage complexes can be measured by ICE assay. As demonstrated in Fig. 4 , topoisomerase I free form was partitioned to the fractions between 1 and 4. After the exposure to camptothecin (1 μM, 30 min), TOP1cc was trapped in fractions between 5 and 7 (Fig. 4) . The data also showed that the level of TOP1cc was not modified by rottlerin alone but was increased by the combinatory treatment with 1 μM camptothecin and rottlerin. The increased level caused by the combinatory treatment was similar to that induced by 10 μM camptothecin alone (Fig. 4) . The data suggest that rottlerin is able to potentiate the rapid formation of TOP1cc in camptothecin-treated cells.
Effect of rottlerin on camptothecin washout-mediated recovery from DNA damage
The level of DNA damage at S phase was determined by detecting the formation of γH 2 A.X because camptothecin-induced DNA damage is replication-mediated. H 2 A.X can be phosphorylated, termed γH 2 A.X, during DNA damage response. It has been well-recognized that γH 2 A.X may serve as a sensitive DNA damage marker. Using double staining of γH 2 A.X and PI, the data showed that camptothecin alone, but not rottlerin, induced a rapid formation of γH 2 A.X at S phase. The effect declined following the washout of camptothecin ( Fig. 5 and Table 1 ). In contrast, the washout-mediated decline of γH 2 A.X formation at S phase was significantly prevented in the presence of rottlerin (Fig. 5 and Table 1 ). The data indicate that rottlerin may interrupt the endogenous DNA repair after camptothecin removal in PC-3 cell.
Effect of combinatory treatment on the expression of several marker proteins
The progression of cell cycle is tightly regulated bycyclins and the binding partners, Cdks. Cyclin D and the associated Cdk 4 regulate G1-phase progression. Cyclin E/Cdk4 complex activity regulates late G1-and S-phase progression and cyclin A/Cdk2 complex activity dominates S and G2 phases. The progression from G2-to M-phase is driven by the activation of cyclin B1/Cdk1 complex. The combinatory treatment did not significantly modify the expression of these cell-cycle regulators caused by single use of camptothecin or rottlerin (Fig. 6A) . P21 acts as an inhibitor of cell cycle progression. However, p21 can also directly inhibit DNA synthesis by binding to and inhibiting PCNA (proliferating cell nuclear antigen) [19] . Recently, p21 has been suggested to accumulate at DNA strand break site and is a detection marker of DNA damage sites [20] . The combinatory treatment of camptothecin and rottlerin dramatically up-regulated p21 expression (Fig. 6A) , confirming the massive DNA damage. Furthermore, to functionally connect mitochondria-mediated signals between DNA damage and cell apoptosis, several ant-apoptotic and pro-apoptotic Bcl-2 family members were examined. The data showed that Bad was cleaved to generate a 15-kDa truncated Bad, a more potent apoptosis inducer [21] in response to combinatory treatment (Fig. 6A ). Besides, although the level of Bax was not changed, the combinatory treatment increased the changes in Bax conformation, detected by immunoprecipitation with the conformation-specific antibody (Fig. 6A ). The ΔΨ m was determined using JC-1 staining. JC-1 aggregates (J-aggregates, red fluorescence) prefer higher ΔΨ m in cells under normal condition. After the loss of ΔΨ m , the JC-1 monomers are dominant with green fluorescence. The fluorescence ratio, therefore, is used to study ΔΨ m . The data in Fig. 6B demonstrated that combinatory treatment of camptothecin and rottlerin significantly induced the loss of ΔΨ m . Altogether, it has been suggested that mitochondria-mediated pathway may dominate apoptosis through the combinatory treatment-induced DNA damage response.
Discussion
Rottlerin, a natural polyphenol isolated from Mallotus philippinensis, is shown to inhibit PKC, in particular PKCδ [22] . Recent work has shown that rottlerin displays pharmacological activities, including anticancer activity, through PKCδ-independent pathways [5] [6] [7] [8] 23] . The data from the assays of PKCδ knockdown provided evidence supporting the PKCδ-independent pathway to rottlerin action in this study. However, the single use of rottlerin did not show promising efficacy against cancer cells. In contrast, rottlerin dramatically potentiated camptothecin-mediated apoptotic activity in HRPCs. The finding is particularly meaningful for clinical consideration since topoisomerase I inhibitors do not work well against HRPCs. In this study, the underlying mechanism of combinatory treatment of HRPCs with camptothecin and rottlerin has been elucidated.
Camptothecin is a highly selective topoisomerase I poison [24] although the water solubility is a major concern in use. Camptothecin reversibly binds TOP1cc while leads to irreversible DNA damage response when replication fork encounters a TOP1cc [10] . A lot of downstream signals can be, in turn, triggered to regulate and determine cell fate, including checkpoint arrest of the cell cycle, initiation of DNA repair and/or induction of apoptotic pathways [25] . The flow cytometric analysis with double staining of TUNEL and PI revealed that the combinatory treatment of camptothecin and rottlerin caused dramatic DNA fragmentation at DNA synthesis phase. ATM, a serine/threonine kinase, is responsible for cell cycle checkpoints, DNA repair and apoptosis [26] . ATM activation by phosphorylation on Ser 1981 occurs in the presence of DSBs. The data showed that rottlerin extensively potentiated camptothecin-mediated ATM activation which was highly correlated to apoptosis. Altogether, the data highly suggest that rottlerin synergistically imposes DNA damage stress to camptothecin action. However, the synergistic effect did not happen to that combined with topoisomerase II inhibitors and anti-tubulin drugs (Fig. 1) . It indicated that rottlerin selectively and very early acted on topoisomerase I-mediated targets. To further identify the underlying mechanism, the formation of TOP1cc was studied. The correlation between TOP1cc formation and DNA damage response has been reported in a wide variety of cancer cells when exposed to topoisomerase I inhibitors [27, 28] . Moreover, it has been reported that in SN38 (an active metabolite of irinotecan) resistant cancer cell clones, the presence of topoisomerase I mutations did not change the expression level and activity of topoisomerase I, but decrease the TOP1cc associated with a reduction in DSBs when challenged with SN38 [29] . These studies suggest that the formation of TOP1cc is critical to DNA damage and apoptosis caused by topoisomerase I inhibitors. Accordingly, the synthesis of new topoisomerase I inhibitors that increase the stability of TOP1cc has been a potential approach [12] . Using ICE assay to determine TOP1cc, rottlerin was able to rapidly augment camptothecin-mediated TOP1cc formation. The effect may, at least partly, explain the synergistic effect on DNA damage and apoptosis caused by combinatory treatment.
One of the key regulators determining the sensitivity to topoisomerase I inhibitors is DNA repair capability, which also explains the selectivity between normal and cancer tissues that usually associated with intrinsically DNA repair defects. It has been suggested that mutations in genes required for homologous recombination DNA repair are hypersensitive to topoisomerase I inhibitors [30] . Targeting DNA repair may also increase the selectivity of topoisomerase I inhibitors for cancers [31, 32] . Therefore, we elucidated the endogenous DNA repair capability after camptothecin exposure and washout. After transient exposure to camptothecin, γH 2 A.X level was decreased following the prolongation of camptothecin removal. It indicates that the DNA repair system works in HRPCs. In the presence of rottlerin, camptothecin removal-involved DNA repair was significantly decreased, leading to a sustained high level of γH 2 A.X expression. The data suggest that in the presence of rottlerin, DNA repair capability in HRPCs is impaired. However, it is complex that topoisomerase I functions at replication and transcription sites, and how the enzyme activity can influence chromatin and transcription [33] [34] [35] . Camptothecin specifically inhibits topoisomerase I and may thus affect several fundamental pathways in the cell. Therefore, rottlerin-mediated camptothecin sensitization may be partly attributed to other signaling pathways.
A large body of evidence suggests that mitochondria play a central role in the regulation of cell death processes. Moreover, Bcl-2 family of proteins is a key regulator for active control of mitochondrial membrane permeability that decides the apoptosis induction or not [36] . Bax is an important Bcl-2 family member and plays a critical role in apoptosis. In resting condition, Bax exists in cytoplasm although it loosely attaches to mitochondrial membrane. After apoptotic induction that causes Bax activation, Bax translocates and associates to mitochondrial membrane surface, leading to the exposure of an amino terminal epitope recognized by the monoclonal antibody 6A7 [37] . The combinatory treatment of camptothecin and rottlerin induced an increase of the excitatory conformational change of Bax, suggesting the involvement of Bax in apoptotic signaling pathway. Moreover, the combinatory treatment also induced the cleavage of Bad into a 15-kDa truncated fragment. The truncated Bad is more potent than the wild-type protein in apoptosis induction [21] . Because caspase-3 is well-recognized to cleave Bad into 15-kDa truncated form [38] , the formation of truncated Bad may amplify the apoptosis induced by caspase-3.
In summary, the data suggest that rottlerin-mediated camptothecin sensitization is through the augmented stabilization of TOP1cc, leading to an increase of DNA damage stress and, possibly, an impairment of DNA repair system. Subsequently, mitochondria-involved signaling is triggered through the activation of Bax and, ultimately, cell apoptosis is executed by the activation of caspase-3 and amplified by the formation of truncated Bad. The novel discovery in this study may provide an anticancer approach of combinatory use between rottlerin and camptothecin for the treatment of HRPCs.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Effect of camptothecin and rottlerin on DNA damage response. (A) PC-3 cells were treated with 1 μM camptothecin and/or 2 μM rottlerin for 9 h. The cells were harvested for the detection of DNA fragmentation and cell-cycle population using TUNEL apoptosis detection assay and PI staining of flow cytometric analysis, respectively. (B) and (C) The cells were treated with the agents for the indicated time. After the treatment, the cells were harvested and lysed for the detection of the indicated protein expression by Western blot. The expressions were quantified using the computerized image analysis system ImageQuant (Amersham Biosciences). (D) The correlation between p-ATM expression from (C) and apoptosis by PI staining of FACScan flow cytometric analysis was constructed. Effect of camptothecin and rottlerin on TOP1cc formation. PC-3 cells were treated with the indicated agent for 30 min. The ICE assay was used to detect topoisomerase I-DNA adducts formation as described in Section 2. Topoisomerase I free form was partitioned to the fractions between 1 and 4. TOP1cc was trapped in fractions between 5 and 7. The data are representative of three independent experiments. Effect of camptothecin and rottlerin on γH2A.X expression at S phase. After the treatment of PC-3 cells with 1 μM camptothecin (CPT) for 1 h, the cells were incubated in the absence or presence of 2 μM rottlerin for 8 or 24 h. γH 2 A.X-PI double staining was used to detect DNA damage in the S phase of the cell cycle as described in Section 2. 
